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This memorandum is offered in response to the request for comments relating to the
requirement for the FCC to develop a rural broadband strategy under Section 6112 of the
2008 Farm Bill and to develop a comprehensive national broadband plan pursuant to the
Recovery Act.

Such a comprehensive national broadband plan is sorely needed to guide broadband
communications deployment paJ1icularly in unserved and underserved rural areas of the
U.S. Despite the fact that Ameriica has led in the research and development of broadband
communications technology, it lags the rest of the developed world by every measure of
broadband availability and infrastructure in terms of coverage, performance and user costs.
A major cause of this discrepanc:y lies in the lack of telecommunications planning. This
lack ofplanning is the direct result of changes in national telecommunications policy that
began with the breakup of the Bell System in 1984 and culminated with the passage of the
Telecommunications Act of 1996. These events removed a national framework within
which free market forces operat(~d and withdrew any Federal guidance of the new wave of
broadband communications deployment.

In the days of the Bell System prior to 1984, America led the world in the quality of its
telecommunications infrastructure. Much credit for the supremacy of this infrastructure
must be given to the network planning carried out by the Systems Engineering Division of
the Bell Telephone Laboratories. The evolution of the telecommunications infrastructure
to meet the needs of a growing nation and a rapidly changing communications technology
was planned in great detail with the end result of a superb network infrastructure that
contributed significantly to Amf:rica's postwar domination of the global economy.

To restore the supremacy ofAmerica's telecommunications infrastructure, this
memorandum is recommending a telecommunications planning methodology that has
recently been successfully applic~d in the State of Wisconsin. The results of this planning
effort are documented in the report, A Regional Broadband Telecommunications Plan for
Southeastern Wisconsin (www.sewrpc.org /telecom/chapters.asp, SEWRPC Planning
Report No. 53) published by the Southeastern Wisconsin Regional Planning Commission.
The methodology used in this telecommunications planning process is summarized in a
white paper, Wireless Broadband Communications Systems in Rural Wisconsin (attached
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to this electronic filing) published by the Illinois Institute of Rural Affairs at Western
Illinois University, a state agency. Both publications have been shipped FedEx to the FCC
docket address to coincide with 1he receipt of this document. The telecommunications
planning methodology employed and described in the planning report and white paper was
developed from two supporting foundational methodologies:

1. Regional Planning
It adapted the methodology used for decades in regional transportation
infrastructure planning to the needs of telecommunications.

2. Bell Telephone Laboratories Systems Engineering
It integrated some of the philosophy and practices of the Systems Engineering
Division of the forme:r Bell Telephone Laboratories adapted to the needs of
current day wireless ~md wireline communications.

The proposed telecommunications planning process is fully described in the white paper
attached to this electronic filing and exemplified in the above referenced report on the web
site. The framework of the prOCless will be briefly described here as an introduction to the
white paper. As practiced in Wisconsin, the telecommunications planning process
involves the following interrelated work activities:

1. Establishing plan ob}ectives and defining measurable standards needed to
confirm the accomplishment of plan objectives.

2. Developing a database of location-based broadband service, performance, and
infrastructure inventories.

3. Determining current and developing broadband communications needs.
4. Designing alternative network plan designs and selecting the preferred plan for

regional implementation.
5. Initiating and supporting plan implementation programs for both public and

private broadband communications'networks.

Although the focus of the South(~asternWisconsin broadband telecommunications plan is
on a multi-county regional level, it is readily adaptable to state and national levels in a
hierarchy of:

1. National Broadband Plan
- with emphasis on national goals, objectives and standards
- and national fiber line infrastructure
- and federal non-military communications infrastructure

2. State Broadband Plans
- Federal guidelines adapted to the needs of each state
- State-operated communications network infrastructure

3. Regional Broadband Plan
- as in Southeastern 'Visconsin

The telecommunications planning process in Wisconsin was carried out with due
recognition of the pivotal role of private service providers in the deployment of broadband
technology. Large and small service providers served on the advisory committee that
reviewed and approved of every aspect of the plan. These service providers included
AT&T, Verizon Wireless and Time Warner as well as a small Internet Service Provider in
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the region. The advisory committee also included representatives of local government,
small business leaders and independent professionals. Although there was spirited
discussion in meetings during thl~ multi-year plan development period, the fInal plan was
approved virtually unanimously by the committee.

The telecommunications planning process here in Southeastern Wisconsin did not end with
the approval and publication of the plan in October, 2007. Two parts of the plan were
selected for initial implementation efforts: bringing high performance broadband
communications systems to unse:rved rural areas of the region and deploying broadband
public safety networks in each of the seven counties of the region. BenefIts have already
been realized from this effort that began in late 2007.

About 64% of the land area of the seven-county region is rural with 9% of the population.
Previously, this rural area had no broadband Internet services other than satellite. A
prototype broadband wireless network has now been deployed in the Town of Wayne, the
lowest density community of the: 50 rural towns in the region. With symmetric line speeds
over 20 megabits per second, this network offers a quality of service better than most of
the developed urban areas of the region.

Kenosha County, one of the region's seven counties, is now in the fInal stages offield
testing what should be the first county-wide broadband public safety 4.9 GHz wireless
network in the nation with two 20 megabit per second channels capable of delivering
streaming video capabilities for moving police, fIre and ambulance vehicles. The network
also has a peer-to-peer backup communications feature to avoid the communication
failures of9/11 and Katrina. Sound planning is the key to this cost effective and leading
edge telecommunications infrastructure.

The telecommunications planning program in Southeastern Wisconsin took place over a
period of three years from September, 2004 to October, 2007 using a half time consultant
(the writer here) and one full time staffperson. Having established the methodology of the
planning process, it is believed that a staffof only three persons could develop a similar
plan at a national, state or regional level in an 18 month time period.

HierComm, Inc., a Wisconsin company whose personnel developed the regional
telecommunications plan as consultants to the Southeastern Wisconsin Regional Planning
Commission, stands ready to assist the FCC in any way needed to adopt the Wisconsin
telecommunications planning model to the rest of the nation.

Kenneth J. Schlager, Ph.D., P.E.
President
HierComm, Inc.
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tty of rural areas makes them eco
r cost-eHe Ive deployment of broad

muniC:iIIcms technology, and a serious need
n optimization to provide an adeq ate

Inf~ostliueture Investment. This report presents
enl:JI01eerlng approach for he design of broad

cormnunlcations networks In rura areas.

a lack of sy tem planning of advanced communicatIOn
net arks. Prior to 1984, the year of the breakup of he
Bell System. the U.S. had the premier telecom unications
network. Now, 23 years later. after two unprec dented
decades of U.S.-driven advances n comm nications tech
nology. the U S. has been overtaken and bypassed by
nations better organized to deploy new echnolo i .

his report describes a communications system engineer
ing planning process th t demonstrates an ability to design
and deploy cost-effective broadband networks in low den
sity rural ar as. The emphasis is on innovative solutions
and systems optimization because of the marginal nature
of rural telecommunications infrastructure investments.
Otherwise. fural Amenca will continue to lag ehind in a
unforgiving global economy.

ow has this situation come about? During the Bell
System era, communications networks-especially those
employing new tec nology-were planned in great detail
by th Systems Engineering DiVISIon of the Bell Telephone
Labora aries. The amount of effort devoted to the design
of network and systems often exceeded the work h urs
Involve in developing the original technologies.

The end re ult was a systemati struc uring of t ch 010

gies to meet a defined set of user eeds. Such a system
design regimen is specially critical in economically mar·
gmal system applications such as broadband rural com
munications systems. An urban environment with high
popUlation density has a higher margin of error. but the
margin between su cess and failure can be very small in
rur I applicatio s.

nd rur I America's dil mma lie not
national communications policies but also in

the U.S. have long been on the
lied "digital divide" th separates

~lthoul broadband communications.
not only com red to urban areas,
respect to ad ance countries in

EUI~o~e-olur global economic competitors.
-_•.~,.~ dership in technological Innovation
enll1n ~elTCms In almost every form of modern com

hlliags far behind its world competi
municatlons (24th in global stand

bSII:sos)lirrn2.aIIOn com 2008) his low stan ing,
compounds the problems of rural

COJ'Tlll'lun·.t:atlOns, placing it almost in he Third
lbnalion category

OD[]rOI:1ch presented h re draws on historical
early days of the Bell System and

I phone Labor torie I th method 1
neglected in an era of unrestra!n d
Recent experience in Wisconsin
power of communications ystems
ping cost-effective rural broadband

cornmuntcatlons networks.

'A·nltn, '"',e Ie! Telecommunications Engineer at the Southeastern Wisconsin Regiona! Planning Commission (SEWRPC).

S 1'\81 lanning agency that provides land use and physlcallnfraslructure planning services to s en counties- in

OU~~t,:'JI INlsl!lOnsln He also founded a small engineering company thai develops and manufaclures wireless commun1callons



Although the 9 uch of the methodology of the
telecommunlcat 109 process were similar to that
of systems eng the Bell Telephone Laboratories,
there were two sh:Jnlftcalrlt differences that had to be recog-
nized from the SEWRPC 2003):

1. Regional C nducted under a regional plan-
ning comm mmunications planning was
requir d to eeds of a geographic region-
the seven co outheastern Wisconsin sur-
rounding a Milwaukee. Systems engineenng
within the B Sy~~teln plcally was project-oriented
for ne lechnollogles hat would serve operating com-
panies hrou U S. with little concern for other
needs of th . Regional telecommunications
planning he rated with th land-use pat-
tern an the economic chara eristics of

the region, along with other infrastructure such as the
transportation network.

2. Development Context - Telecommunications systems,
however, differ significantly from other pUblic works
infrastructures, such as hIghway and public transit net
works, in their rapidly changing technology and their
tradition of privat ownership. Communications tech
nology was evolving so rapidly that five-year or at most
ten-year plannmg time horiz ns were the limit, unlike
the 20- to 30-year time horizons of most ublic works
plans. Close a e tion to the state and direction of com
munications technology was an absolute nec s ity lest
the plan become obsolete before they re pUblished.
Innovation itsel became an implied ch racteristic of
visionary, yet practical, telecommunications plans.

Regio al Teleco mun ca ions
Systems Pia n ng Proces

• Objectives and standards
• Service-level, performance, and network Infrastructure

inventories
• li lecommunications needs
• Forecasts
• Plan design
• Plan implementation

wly created telecommunications
heastern WisconsIn that m rried
ng with telecommuni ations sys-
APe 2003). The regional aspect
pecially applicable to rural areas
lar socioeconomic characteris
a Unified entity. As pr ctleed in

I~"nlncn process involves the following

The end resul
planning proce
traditional regi
tems engine r n
of the proces
where regIon
tics can be addJeSSEld
Wisconsin,
interrelated

Objec ives a d andard

Formulatmg ommunications system service
objectives i I J t sk to be accomplished before

Itematlve pia prepared and a recommended
plan selected. Objeclive!s must be related in a demon-
strable way t ve regional tele ommunications
plans and lelal development proposals throu h
quantifiable s a nly If lhe objectives clearly relate
to telecommun rvlce quality and evelopment
through the sad nd are subject to objective tests,
can a chOice from among I emative plans to
selecl a plan I ets the agreed-upon objectives.

In scope. he I 1000)mlnumcations pi n and system devel-
opment objec tandards may be expected to
range from e c Ives relating to the growth of
the regional e etalled standards related to he
types and quail to be provided In urban, subur-
ban, and rural e :region.

Although specific objectives and standards may vary by
regia depending on the state of telecommunica ion and the
general state at the social economy, the objectives used in
southeastern Wisconsin are typical tor many rUral re ions:

• Performance
• Mea ured by net ork throughpu expressed in

megabits per second of average da a transfer rat
• Represents the very definition of broadband

communications services

• Universal Geographic Coverage
• Measured by the percentage of the regional area t be

served with broadband telecommunications services

• Capital and Operating Costs
• Measured by the combination of infrastructure costs

and the present value of future operating costs
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The listed a jectives and measurement standards are
the criteria by which alternative plans are evaluated and
selected.

• Serve Most Demanding Application
• Measured by the throughp t require to serve

various form of video fro standard televi Ion
broadcasting and videoconferencing to inter ctive
tele\lisi

• Standards for the a ove can range from three
megabits er second (for standard teleVision) to 100
megabits per second (for intera ive television

he average number ot alternative
aths between users in a network
rovide reliable communications•

1ng major public emergencies

hc Safety Communications
e mUltimedia (i.e., voice. data, and

mance and reliability of the public
cornmlunlcations network

structure cost-sharing w th commer
a major factor rn economic feaSibility

•

•

Inven orie

The most time-consuming and costly part of the inventory
stage f the plannmg process is the data compilation of
the current wireless and wireline Infrastructure. ince new
broadband telecommunications initiatives in mas rural
areas focus on wireless r ther than wireline (Le., optical
tiber) ne ork. determming lhe c rrent state of the loca
ion and chara teristics of existing antenna tower sites is a

primary priority. These sites r present a valu ble resource
for utilization in any proposed broadband wir less net
work. The t rm antenna tower site should be lnterpr ted
in a broa sen e to Includ privately owned as well as
pu Iicly owned sites and other ublic structures, such as
water owers or buildings, hat could se e as structures for
antenna base stations.

performance measurements, existin Internet websites
rovide extensive information on throughput performance

tor both wireless and Wireline n orks a local state. and
national levels.

relllre~jent the current status of communic 
d can range from cataloging current

omadic (i.e., laptop computers). and
ones) users and thelr respect ve perfor

del:ail(K! ascriptions of existing wireless infra
f all of tha current antenna base station
ntory is a regional resource t at must
or the most cost-effective de layment
lreless networks.

mUlnIClat;l::m~ service Inventories are common in
~tJr\ln\J'·~sed studies of rural areas.These stud

mphasized geograp ic coverage or lack
s services such s telephone, televi

ccess in areas throughout the region.
n nventorles of h cost/performance of
d ow they compare with equivalen ser
I and urban areas in oth the U.S. and
al economy,

I consin, exten ive efforts were ma e
pel10r:mlBnce of current broadband telecom
..,,,,,rvi,,'oS and their related cost/performan e

hiS performance compares with national
errlB,llOltal landards. Only in this way c a base

• ledge be established 0 determine the
oposed new system designs. In some

mobile cellular commUnlC tions er
easurem nts are required to deter

rformance and r liability. For the bulk of

At the same tIme, it is important to realize that all wire
less networks must eventuall connect to an Internet gate
way. For this reason, potential fiber n twork gateway loca
tions mu t also e inventoried in order to provide potential
Int rnet interconn ct locations for ne ireless n tworks
The fmal outcome of the IOven ory stage is a a sessment
of the state of communications in the sele ed egion
Such an inventory provides the solid foundation necessary
to desig an implemen broadband communic ion net·
work in he region

Needs

ne:g1ected area of re ional pi nning, espeCially
cC()mrT1UI,ICt:ltilons, is needs rese rch. Too ofte • the

e that need for advanced communica
self-eVident. Deploy he networks an

users will sign up i droves. Such an assumption often pre
vails in rural areas that have lagged behind urban areas in
the availability and use t broadband Internet access.
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Whl ther ent of truth in this assumption ior
rural bra ures the real challenge of creating
appllcallon ond the transmission of e-mail mes-
sages and Web pages. Given Lhe Isolation a d
travellJm disadliartt8QleS of rural Amenca, broadband com-
mum lion much greater impact in rural than
in urb n arne leve of Innovation applied to
develop," s devoted 10 Its applications.

ngineering in the Bell System and
l.01,JUj'UIOry, needs research played a prom

n and deployment of new commu
e need for each new deployment

rCVlav.re'd prior to its full-sc Ie deployment.
.n followed by experimental. small

t market acceptance prior La major
uccess was not universal, with the
ure phone' as a pri ary example.
ds research as an integral part of

e,,'1l~lnlafJrtnQ process was rarely questioned,

TelecommunJcallc)Ms eds n rural areas may be classified
Into wo teg()rIE's. current needs and (2) new applica-
tions Curr brcmdlband telecommunications needs are
fairly well-d understood and usually include the
follow!n .

demand for these traditional applications that have been
severely restricte by he slow throughput rates of dialup
services. Some of these traditIOnal applications such as
Web browsing and online education, will find a new level
of performance and practicality with the deployment of
broadband communications.

The ullimate value of rural broadband communications,
however, will be achieved with innovative new applications
that improve the economic development and quality of life
in a ru al region. Extensive diSCUSSion of the possibilities
for such new applications would take us too far afi Id here
except to mention three categories of applicafon that have
stirred great interest and could each alone justify a new
broadband telecommunications network'

1. As a network for a more independent and self-sustain
ing regional economy

2. As a network to upgrade health care in the rural region,
particular y in areas such as home healthcare, mental
healthcare, and emergency medicine

3. As a network for improved interac ive education

Each 01 the above hree applications could Justify a sepa
rate Rural Research Report, but they are mentioned here
to emphasize the poten ial of broadband communications
in changing the nature of rural economics and rural life As
in previous new paradigm sifts, such as the railroads and
highway transpo ation, the full value of broadband tele
communications will be realized only after i is fully i te
grated Into Ihe economy and social pattern of rural life.

With the Ptl'V~OLl~

services In
k of broadband communicatIOns

I areas. there is usually a pent-up

oreca

Tradltl '1 ('£mllon;al nnlng for public works infrastruc-
ture dev 10 of mfrastruclur demand based on
populallon Ie activity projections. Such fore-
casts In are transporlatio , water supply, nd
wastewater lteE:tment typically extend 20 to 30 years in 0

the fu ure • rrn forecasting is not appropriate
because I Hons IS characterized by rapidly
changing d usage patterns.

previously Cited Inventory and With some excess capacity
t at is limited y the need. particularly in rural areas, to
maintain n adequate return on Investment. Since Wire
less communications networks are easily reconfigured and
expanded, detailed forecasts of future demand are really
not required. AI the same lime, new technology typically
provides more performance at lower cost, allowing for
expansion in network capacity with only minor change in
network structure.

Rather mos
designed 10

e ecommunications etworks are
CUlrrelnt demand as determined by the
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• Records networ coverage and performance for
some or all of he proposed antenna site locations

The innovations reqUired to break this haln of failure In

he WisconSin expenence took two forms of innovation:
1) technical and (2) insti utional. In t e area of technical

innovation, the pnmary challenge of rural wireless com
municatIons is lhe tligh cost of infrastructure deployment
relative to the expected return In revenue from communi
cations services. This excessive cost is manifested in the
number of access pornts reqUired to serve a low popUla
tion density rural area An extension of the range coverage
of each anten a sIte IS eeded so that the access point
denSity is reduced to an acceptable level

Expenences in WIsconsin and many other areas of rural
America have Iten produced wireless network deSigns
that are lacking in economic viability The re urn on invest
ment is too low to attract either private or public investment.
The process stalls. and the ral digital divide continues

If the revised Wireless system deSign satisfies all of the
objectives and standards previouslyspecified at a cost com
patible with an adequate return on Investment, the project
moves to network deployment and plan implementatIon

Technical innovation took the form of greatly Improved
receiver perf rmance that sigmficantly expanded the range
of each antenna site so tha the costs of network infrastruc
ture provided a more than adequa e return on investment.
While preViously it required 15 to 20 antenna sites to ser
vice a 36 square mile rural town, the high-pertorming new
wireles receivers reduced the number of antenna sItes to
only four. FCC regulations severely limit the transmit power
on unlicensed WiR bands, but they do not limit the sensitiv
ity of the receiver-the Improvement of whic transformed
the application from a problem Into an opportunity.

3. ReVised Network Layout
• Is based on field test experience
• Provides a hnal system design ready for network

deployment and plan Implementation

lem design typically Involves the fol
quence·

p(~lpajpnon Modeling-Based Network Layout
ark coverage and performance for a

enna sites hrough a computer-based
el

dafabi:lSe containi g 'nf rmation on geo-
• forestation, and building structures

10 tial network layout and infrastructure

og activit es relating \0 setting objec
Inventorying existing ommumcations

Gelvic:es. performance, and user needs all
most Important phase of the planning
ign. Communical1Ons syS1em design

ler,ll'.lnlal planning process dlffers from more
nctions, such as transportation I in

c'h.;inQ,:I'tg nalure of communications technology
uch rap d changes offer opportunities

"'lIll;1JI~. Opportunities result from 1118 mynad
,..",r"lnllrl:ltions possible with ever-improving

re options. Such options are critically
OVCCTCCime he economIc challenges of deploy-

varlC(!id unrcations systems In low population

b(()adlband wireless network deployments in
artlatry rural county In southeastern

PrtJfSc,llted later in this report will illustrate both
l::Vc:tnl'TI deSign Innovati n and the efficacy of

SOIUI/Ctns. For thi reason, he communications
scri ed here musl often be Interrupted

waite natives in order to achieve the
f€!cliVEmelss n cas ary for ru al regions

To sPt::C1fic, a dIrect application of the known and
em r I wintJ!c:>s communications will not necessarily
pr ve CO~~Hlt'~Clllo'G In rural America Such deficiencies
manlfe in wireless network solutions having
such a Investmen that neither private nor
pUblIc I entities can justify the investment.

2 1i sting (SEWRPC 2006)
r modihes the modeled plan based on
easurements in the field.
ble truck-mounted antennas and

uOlioelvers

Even with a cost-effective sys em design, however, the
funds for wireless communications are often not avail
able I many rural communities. Frequently, there are
bener opportunities for investment capital han wireless
communications. Althoug the long·term benefits of rural
broadba d communications may be extraord nary for rural
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wireless communications for public safety functions. Using
thiS frequency band the revious restrictions on high
speed data and Video communications in public safety
could be overcome Fortunately, there is also a nearby
unlicensed frequency band at 5.8 GHz that would allow for
a common ntenna site Infrastructure able to serve both
public safety and commercial needs.

This joint publlc/pnvate partnership approach was incorpo
rated in the recommended broadband telecommunications
plan for southeastern Wisconsin. One of the seven coun
ties. Kanos County, has already begun the implementa
tion of this joint public/private partnership approach In a
joint project with the regional planning commission. The
point here Is that an institutional Innovation was able to
change the economics of broadband wireless and allow
for the deployment of a network to serve the otherwise
unserved rural areas in the western part of the county.

ts are sometimes overshadowed by
traditional community needs.

fl hting, and pre-hospital emergency
delwnid on wrreless communication to carry

pecially In times of emergency situ-
pUblic safety communications could
s of personal and commercial com

I area, then the economies of broad
e transformed and the rationale for

npletely changed.

m"ov<l1ion of a different kind was needed to
nVt:~t,nel~tl a broadband communications infra

It'lnnV::ltion took the form of a pUblic/private
he costs of infrastructure deploy

e of public and private commUnlca-
Wt!relelSS communications playa vital role in

on at all levels of government.

Amenca, I
the deman

Such an nn,nn,'IIIr'lhi
20020

rose WIth the FCC announcement in
ncy band at 4.9 GHz for broadband

Plan Implementa .on

Lacking the competitive market conditions of urban areas,
implementation of broadband wireless networks in rural
America reduces to two major tasks: (1) finanCing, install
ing. and maintainmg the network; and (2) operating the
network as a business These two separate but related,
functions mayor may not be performed by the same orga
nizations. The business operations runction reqUires the
background and talents of an Internet Service Provider
(ISP). Since many ISPs lack both the capital and the
expertise to finance, install, and operate advanced wire
less communications, these functions usually fall to either
a unit of government or a private organization skilled in
wireless communications

2006). The SEWRPC region has 50 rural towns like Wayne
largely without broadband commUnications services and
ready to cross the digital divide for survival and growth in
a global economy.

I In he business model for com
~"IIIf't.c: operations. The m rket situation in

n f1cantly from that in rural areas. In
brc)adlband communications services In the

mpany digital sUbscriber line (DSL)
adems are widely available. While

o not rise to the performance level of
wln~la~)S networks discussed here, they do

lic:f\l·t~ll'l n ernet access needs of most residen
bU!51rn~s subscribers.

oadband wireless network deploy
proven to be a difficult task even in

her population densities provide a
. Wireless mesh networks In larger

............. ,1'"hla, San Francisco, Milwaukee, and
Dn."'nl:1ntered serious setbacks In achieving

unable operation

Mosl rural e U.S in contrast, have very limited
Inter el a Rlttl,rnAtives. The two p imary alternatives
are asIa teli9p1lonle dial~up service or a very expensive
but almo t satellite service. A survey of one
rural 10 n stern Wisconsin indicated a large,
pent-u d roadband wireless communications
services. f n of Wayne, Wisconsin, more than
20 percent eholds were ready a subscribe to
such a n as It became available (SEWRPC

The preViously discussed public/private partnership
embracing both public safety and ommerclal WiFi tha
lies at the hear of the regional telecommunications plan
in southeastern Wisconsin is a primary example of gov
ernment leadership in pia implementation. Whatever the
organizational structure, It must meet the needs of the two
primary tasks preViously cited.
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Wayne IS a 'm In Washington County, Wisconsin.
Like most n1Jd· 'ern townships, It has a total area of
approximah Iv 3G .quare miles. Although officially listed
as part of t Jkee·Racine·Waukesha Metropolitan
area, II is" ry run In nature with an average population
density of ty 1 persons/square mile. With a 2000
census popu&alton t 1,727 people and 582 households,
it is one 01 the 1 rural of communities in the south·
eastern WISCCJnSh"l lJQion, Its present and conlinuing rural
character IS fun ndlcated by Its 2020 Land Usa Plan
prepared In 999 t. the southeastern Wisconsin Regional
Planning Comrr on (SEWRPC 1999). This plan pro·
vides for I pr \fallon of natural resource areas and
primary agr cultura lands into the distant future. New resi·
dentlal d8VQ1Opm WIll be maintained at rural densities,
and nonrestden:l1 evelopments will be confined to three
small defined a In the town,

As a rural COfTIRll, V In one 01 the seven counties of the
southeastern WI lSln region, Wayne was selected jointly
by SEWAPC and. '6rComm, Inc, as a demonstration site
to determln~ the ,dSlbility of a broadband wireless com·
municaUons sys! In a rural town. SEWRPC would sup·
port commiJn:aUO systems planning services for the
project, and tilelC lfTlm, Inc. would provide engineering
design servIces an deploy and operate the new network.
The prOjeC1 was II llCially supported by a three·year grant
from the U.S 0Qp<. tment of Agriculture. It is important to
point oul that ther are 23 other tow population density
townships (l j: 100 persons per square mile) in the
southeastem Wise, '\Sin region. For this reason, the Wayne
demonstrall cl was a key part of the regional lelEr
communlcat ans 01 n for the seven counties of the region.
The SEWRPC da loped a broadband wireless communi
cat10ns ptan for rural areas (approximately 67% of the
seven..countv tane· ea) of the region. The U.S. Department
of Agriculture rded an Small Business Innovation
Research (SIBR grant to HierComm, Inc. to develop and
demonslrat( CQ6 -effective. broadband wireless system
In a rural COl IT SEWRPC developed and field·tested
the wireless )r plan, with four access points and one
backhaul link Be " '9 the entire 36 square mile area as
shown In Ag, rld Figure 2 (SEWRPC 2006).

Uke most ottoe r townships in southeastern Wisconsin,
Wayne lacked b dband telecommunications services.
Neither lslephen DSL nor cable broadband services were
available In t Most residents and businesses were
restricted to very Iu it dial·up Internet services. A few resi·
dents were Sto. r t ers to a fixed wireless service provider
in Ihe area, bulever these services did not meet SEWRPC
broadband comrm rucalions standards. Verizon North,
a subsIdIary 01 ¥P'flzon Communications of New York,
provided lradll ooal lephone services to the town.

8

Charter Communications provided cable·based Internel
services in the nearby city of West Bend. Neither sar·
vice provider had any known plans to deploy broadband
communications services in Wayne because Wayne did
not satisfy the population density criterion of either service
provider for cost·effective deployment.

Design of the network Infrastructure in terms of antenna
site (access point) locations and backhaul links was car
ried out in a four·step sequence as follows:

1. Technology Selection Development - SpecIfying the
technical characteristics of access point and user
equipment

2. Preliminary Network Layout Design - Using a radio
propagation modeling tool that mapped theoretical
signal strengths from each access poinl

3. Design Evaluation - Evaluating the preliminary network
design based on previous objectives and standards

4. Reid Test- Performing test measurements that confirm,
modify, or negate model·based network design

In the first design, an attempt was made to utilize com
mercial off·the-shelf hardware and software based on
WiFi (IEEE Standard 802.11g) technology. The low cost
and wide availability of WiFi made it particularly attractive
for rural application. A sectoral cellular network structure
was employed to allow for the use of high gain directional
antennas, which extended access point range and reduced
the number of required access points. This initial design
still required 30 access points, however, indicating an ini·
tlal infrastructure investment of about $300,000, allowing
$8,000 for each access point and $60,000 lor engineering
and installation cosls. This cost still exceeded the target
cost of $125.000 required for an adequate return on invest
ment, however.

A second design iteration incorporated the new high
gain radio receivers previously discussed, which greatly
extended access point range, reducing the number of
access points to only four and the infrastructure investmenl
to $100,000, well within the target cost range. This network
design shown in the network and backhaul link layouts in
Figures 1 and 2 has been subsequently deployed, demon
strating throughput performance in the ten to 17 megabits
per second for trial subscribers. Ownership of the Wayne
network is currently being transferred to a locallSP for the
start of full-scale commercial operation,

Kenosha County is a mixed urban/rural county in the
southeastern corner of Wisconsin, bordering Illinois to the
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d 30 percent east of 1-94 urban and
ern urban/suburban portion of the
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COlrTal"ltly provided broadband wireline c mmu

both telephone company DSL and
bn:JaCilband. T e estern ral area, how

ensitles similar to Wayne, Is gener
b oadban communications service

:nRln f:~$\tellite

In Sa tern Kanosh County became the firs of
the seven OOIJn~les southeastern Wisconsin to approve
SEWAPC (SE~I~P1C 2007 . Coinciding with the official
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publication of the plan that same month, Kenosha entered
into a development/demonstration contract with SEWAPC
to first demonstrate and, if successful, to fUlly deploy a
combination pUblic/commercial broadband communica
tions system covering the entIre geographical area of the
county.

Central features of this planned network were the follow
ing: (1) long-range radio tra s ission in both the 4.9 GHz
public safety band and the 5.8 GHz commercial band,
which resulted in a low-cost, low antenna site density net
work; and (2) emergency backup communications capabil
ity for when the antenna site infrastructure suffers major
damage (as in 9/11 and Katrina).
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tructure allows for a public/private
a hybrid, public/commercial network

economic viability and synergy not
public sa ety nd commercial wire

roJect th t b gan last September is
rd a d monstration of the technology
ntenna site base stations. Th eco-

new techn logy depends on exten ing
sceivers based on highly sensitive
ends of the mobile communications
oject focus emphasizes the verifica
bili y by fiel demonstration. SuHably

II cruise the coverage are of the two
II nfylng radio contact and throughput

coverage demonstration will then be
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followed by a field t t of the peer-to-peer communications
so ware, which provides emergency mode communi a
lion in major public mergencies. Public safety commu
nication ave failed in every recent major natio al ublic
erner ency from Oklahoma City to 9/11 and trina. Power
ou ages, flooding, and networ saturation have all contrib
uted to the loss of communications a a time when they re
urgently needed. Onginally developed for military opera
tions under the auspices of the Department of Defense.
this software technology embedded in the netw rk will

1I0w users to continue to communicate through other
users (peers) in the event of partial or total destruction of
the network infrastructure. Both of these technologies have
previously bee uccessfully tested in related applications
so that expectations are high for a uccessful conclusion of .



A ral broadband wireless pro ram at he state level coul
assis rural counties in carrying out the above county-level
project. Regional grouping of counties could also improve
the potential economic return of rur I wireless networks.
Such a statewide initiative is being lanned by illinoIs.

• Developmg a br adband lreless communications
Ian based on the pUblic afety/commercial partner

ship model of Kenosha County, Wisconsin
• Developing an implementation strategy to deploy the

Ianned network, in lu ing the pu lie/private financIal
resources for ne ork infrastructure onstruction a d
st rtup

• Selecting an ISP to operate the broadband wireless
network

• Forming a coun -based broad and communications
task force to establish nd direct network applica
tions beyond the traditional e-mail and Web searching
functions. with an emphasis on regional economies,
health re, and education

yne, at the rural town level, and
nty level, provide models for broad
unlcahon in rural America. Low-cost

f~.tru,ct\Jre provides cost-effective techno!-
lety/commercial partnership chosen

VU'UIII~Y prOVides the institutional framework
I digital divide throughout II rural

Broadband Wireless Communications
08 Radio receiver sensitivity as a

IOnO"nrlnr:le WiFi networks has previo sly been
o n of Wayne. Peer-ta-peer wirele s
ddition to military applications, have

dernollstrated in f rest fire fighting for the

e U S. ca initiate a broadband wire
munlca[klns project in its area by utilizing the fol-

Co clusio

TelecommunllC8'tjorls ystems en ineering provid an
effective methOdC)lo(:r' 0 plan and de ign broadband wire-
less comm ystems in rural areas. he margin 1
economic oadband communication networks
n rural r r an optimal approach to ystem
des gn to adequate level of economic viability
Even n 0 tem d ign with existing echnology
and Inslilut works may not be sufficient to Justify
broadb nd' etworks in rural America.

wo nnovations, one technic I and the other organiza
tional, bridged the gap for broadband wireless in rural
Wisconsi ,Major i provements in ra 10 receiver sensitiv
ity reduced the cost of the network infrastructure to a level
of economic efficacy. Public/private partnerships in wire
less ommunications networks provided the financial capi
tal and political incentive to make broadband r ral wireless
communications a reality in rur 1Wisconsin.
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STATEMENT OF THE CHAIRMAN

The Regional Planning Commission in 2004 undertook a program intended to help develop a high level of telecommunications service within
the Southeastern Wisconsin Region. The initiation ofthis program recognized the vital role oftelecommunications in maintaining the economic
competitiveness of the Region and of providing certain important social services. This report is the third in a series of three reports which
present the findings and recommendations ofthis planning program.

The first report-SEWRPC Memorandum Report No. 164, published in September 2005-described the importance and potential application for
high capacity telecommunication services in meeting growing needs in such areas as public safety emergency response, freeway traffic
management, home health care, and environmental monitoring. The second report-SEWRPC Planning Report No. 51, A Wireless Antenna
Siting and Related Infrastructure Plan for Southeastern Wisconsin, published in September 2006---set forth recommendations concerning the
development of high capacity wireless telecommunications services within the Region. It recognized that, like transportation planning,
telecommunications planning relates to infrastructure networks. Such planning differs, however, from public infrastructure system planning in
two important respects: one, the rapid pace of technological change in telecommunications; and two, the role of private carriers in plan
implementation.

This, the third report in the series, integrates the wireless service plan set forth in SEWRPC Planning Report No. 51 with a wireline services
plan. The report presents background information about the Regional Planning Commission, the regional planning concept in Southeastern
Wisconsin, and about the seven-county planning Region. It sets forth the basic principles and concepts underlying the regional
telecommunications planning process; and describes that process, and the technologies involved in both wireless and wireline
telecommunications networks. Importantly, this report sets forth a set of eight objectives that should be met by the telecommunications system
of the Region together with supporting principles and standards. These objectives relate to system performance, as measured by data
transmission rates, availability, quality of voice transmission, error rate and packet loss; universality of service; redundancy; antenna site
number optimization; applications to be served; cost minimization; antenna site aesthetics and safety; and potential for coordination with the
development and use of public safety telecommunication networks. The report presents information on the geographic coverage areas and
telecommunications service offerings ofboth wireline and wireless service providers within the Region including, importantly, information on
AT&T's current deployment of Project Lightspeed, and documents the current performance of the existing wireless and wireline
telecommunication networks within the Region. The report describes four alternative primary and two alternative adjunct regional
telecommunication system plans. The alternative primary plans include a community-based wireless plan; a regional wireless plan; a fiber-to
the node wireline plan; and a fiber-to-the-prernises wireline plan. The two alternative adjunct plans provides for mobile cell phone service in
support ofthe primary plans that emphasize service to fixed users.

The report documents the findings of the evaluation of the alternative plans considered on the basis of the ability of those plans to meet the
specified objectives. A recommended plan-the regional wireless plan-is proposed. The evaluation recognizes that the fiber-to-the-node
wireline plan has the potential to perform as well as the recommended regional wireless plan except with respect to the objective of universal
service. The report sets forth procedures for implementing the recommended plan.

The recommended regional wireless telecommunications plan would provide high speed, broadband telecommunications service to the entire
Region in a cost effective manner, thereby promoting the social and economic welfare ofthe Region. A central feature ofthe recommended plan
is the potential for cooperative effort by the public and private sectors in which the infrastructure costs entailed are shared between the public
safety and commercial networks. Implementation of the recommended plan will require county or multi-county action, although partial
implementation can be achieved at the community or multi-community level.

Although this report presents all ofthe information that should be needed for county and municipal governments within the Region to consider
plan adoption and implementation, in depth consideration ofthe findings and recommendations ofthe regional telecommunications planning
process requires review ofall three reports in the series.

V~IY yours,~>

/' T/
/' omas H. Buestrin

,/./ Chairman

-
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INTRODUCTION

The Southeastern Wisconsin Regional Planning
Commission is charged by law with the function and
duty of "making and adopting a master plan for the
physical development of the Region." The per
missible scope and contenl of this plan, as outlined in
the enabling legislation, extend to all phases of
regional development, implicitly emphasizing, how
ever, the preparation of spatial designs for the use of
land and for supporting transportation, and other
utility facilities, including telecommunications
facilities.

The scope and complexity of areawide development
problems prohibit the making and adopting of an
entire comprehensive development plan at one time.
The Commission has, therefore, determined to
proceed with the preparation of individual plan
elements which together can form the required
comprehensive plan. Each element is intended to deal
with an identified are-lwide developmental or
environmental problem. The individual elements are
coordinated by being relat'ed to an areawide land use
plan. Thus, the land use plan comprises the most basic
regional plan element, an ,element on which all other
elements are based, Th(: regional comprehensive
telecommunications plan for Southeastem Wisconsin
is also strongly linked to the regional land use and
transportation plans based on the relationship between
land use patterns, major transportation facilities, and
telecommunications traffic generation.

Because regional telecommunications planning
comprises an integral part of a broader regional plan-

ning program, an understanding of the need for, and
objectives of, regional planning and the manner in
which these needs are being met in southeastern
Wisconsin is necessary for a full understanding of the
telecommunications planning process and of its
findings and recommendations as presented in this
report. To that end, this chapter describes the need for,
and status of, the regional planning effort within the
Southeastern Wisconsin Region.

NEED FOR REGIONAL PLANNING

Regional planning may be defined as comprehensive
planning for a geographic area larger than a county
but smaller than a state, united by economic interest,
geography, and common areawide developmental and
environmental problems. The need for such planning
has arisen from certain important social and economic
changes which, while national phenomena, have had
far-reaching impacts on the problems facing local
government. These changes include growth and
redistribution of population and attendant urban
development; changes in agricultural and industrial
productivity, income levels, and leisure time;
generation of mass recreational needs and pursui Is;

intensive use and consumption of natural resources;
development of private water supply and sewage
disposal systems; development of extensive electric
power and communications networks; and
development of limited-access highways and mass
automotive transportation. Through the effects of
these changes, entire regions like Southeastern
Wisconsin are being subjected to the widespread
ditfusion of urban development and are thereby
becoming, large, mixed rural and urban socio-



economic complexes. This urban diffusion, in tum,
creates serious and complex areawide developmental
and environmental problems.

The areawide problems which necessitate a regional
planning effort in Southeastern Wisconsin all have
their source in the changes in popUlation size,
composition, and distribUIion and in the attendant
urban diffusion occurring within the Region. These
area-wide problems include, among others: drainage
and flooding; air and water pollution: increased
demand for park and outdoor recreation facilities,
sewerage and water supply facilities, and housing:
traffic congestion; a growing demand for high speed,
broadband telecommunications; and, underlying all of
the foregoing problems, rapidly changing land use
development. These problems are all truly regional in
scope, transcending both the geographic boundaries
and the fiscal capabilities of the local municipal units
of government comprising the Region, and can be
properly addressed only within the context of a
continuing, cooperative, areawide, comprehensive
regional planning effort.

THE REGIONAL PLANNING COMMISSION

The Southeastern Wisconsin Regional Planning
Commission was created in August 1960, pursuant to
the provisions of Section 66.0303 of the Wisconsin
Statutes, to serve and assist the local, state, and
federal units of government in solving areawide
problems and in planning for the more orderly and
more economic development of Southeastern
Wisconsin. The Commission's role is entirely
advisory, and participation by local units of
government in its work is on a voluntary, cooperative
basis. The Commission is composed of 21 citizen
members, three from each county in the Region. One
Commissioner from each county is appointed to the
Commission by the ccunty board, one by the
Governor from a list certified to him by the county
board, and one by the Governor on his own motion.

The powers, duties, and limctions of the Commission
and the qualifications of the Commissioners are
carefully set forth in the enabling legislation. The
Commission is authorized to employ a staff and to
appoint advisory committees to assist it in the
execution of its responsibilities. Basic funding to
support Commission op(:rations is provided by the
member counties, with the budget apportioned among
the seven counties on the basis of relative equalized

2

property valuation. The Commission is authorized to
request and accept aid in any form from all levels and
agencies of government to accomplish its objectives,
and is authorized to deal directly with the state and
federal govemments for this purpose. The organ
izational structure of the Commission and its
relationship to the constituent units and agencies of
government comprising or operating within the
Region is shown in Figure I.

THE REGIONAL PLANNING
CONCEPT IN SOUTHEASTERN WISCONSIN

Regional planning, as conceived by the Commission,
is not substitute for, but a supplement to, local, state,
and federal planning. Its objective is to assist the
various levels and units of government in finding
cooperative solutions to areawide developmental and
environmental problems which cannot be properly
resolved within the framework of a single mu
nicipality or county. As such, regional planning has
three principal functions:

I. Inventory: the collection, analysis, and dis
semination of basic planning and engineering
data on a uniform, areawide basis so that, in light
of such data, the various levels and agencies of
government and private investors operating
within the Region can better make decisions
concerning community development.

2. Plan Design: the preparation of a framework of
long-range plans for the physical development of
the Region, these plans being limited to func
tional elements having areawide significance.

3. Plan Implementation: promotion of plan
implementation by providing a center to
coordinate the planning and plan implementation
activities of the various levels and agencies of
government in the Region and by providing the
introduction of information on areawide
problems, recommended solutions to these
problems, and alter-natives thereto, as part of the
existing decision-making process.

The work of the Commission, therefore, is seen as a
continuing planning process providing outputs of
value to the making of development decisions by
public and private agencies and to the preparation of
plans and plan implementation programs at the local,
state, and federal levels. It emphasizes close
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